A series of dibutyl-, diphenyl-and triphenyltin(IV) benzoate derivatives has been prepared. The products were obtained by reacting the dibutyltin(IV) dichloride, diphenyltin(IV) dichloride and triphenyltin(IV) chloride respectively via the dibutyltin(IV) oxide, diphenyltin(IV) dihydroxide and triphenyltin(IV) hydroxide with benzoate acid and its derivative. The targeted compounds have been tested with anticancer activity against leukemia cancer cell, L-1210. The compounds synthesized were well characterized by 1 H and 13 C-NMR, IR and UV-Vis spectroscopies as well as based on the microanalytical data. The results showed that triphenyltin(IV) benzoate and its derivative prepared exhibit higher anticancer activity than those of dibutyltin(IV) and diphenyltin(IV) analogous.
INTRODUCTION
The structural chemistry of organotin carboxylates has attracted much attention due to their significant cytotoxic effect and relatively high antitumor activity [1] [2] . The new development of these compound may lead for the development of new antitumor drugs, which can display another spectrum of antitumor activity [1, 3] . The organotin(IV) compounds are known to display strong biological activity. Their compounds are normally exhibiting high toxicity, even at very low concentration. Their biological activities are fundamentally determined by the number and the nature of organic groups bound to the central Sn atom [4] . The nature of the anionic groups seems acting only as a secondary factor.
The current investigations on the coordinating properties of carboxylates toward organotin compounds have led to the isolation of some new organotin(IV) carboxylates and carboxylate derivatives which have shown some interesting biological activities such as antimicrobial [5] [6] , antitumor and anticancer [1, 3, [7] [8] [9] , and antifungal activity [6, [10] [11] [12] . The investigation of organotin(IV) as possible antitumor compound has been and is still attracting much attention [1, 3, [7] [8] [9] .
In the present work, we reported application, comparative and in vitro activity study of some dibutyl-, diphenyl-and triphenyltin(IV) benzoate and its derivatives against leukemia cancer cell, L-1210.
EXPERIMENTAL SECTION

Materials
All reagents used were AR grade. Dibutyltin(IV) dichlorides ([(n-C 4 H 9 ) 2 Cl 2 ]), diphenyltin(IV) dichloride ([(C 6 H 5 ) 2 Cl 2 ]), triphenyltin(IV) chloride ([(C 6 H 5 ) 3 Cl]), benzoic acid, 2-hydroxybenzoic acid, sodium hydroxide (NaOH), methanol (CH 3 OH) were either Sigma or JT Baker products, and were used without further purification. The leukemia cancer cells, L-1210, were obtained from Center for Application of Isotopes and Radiation Technology, National Agency of Atomic Energy, Pasar Jumat, Jakarta, Indonesia.
Instrumentation
Elemental analysis (CHNS) was performed on Fision EA 1108 series elemental analyzer. IR spectra in the range of 4000-400 cm -1 were recorded on a Bruker VERTEX 70 FT-IR spectrophotometer with KBr discs. The UV spectra were recorded in the UV region and were measured using a UV-Shimadzu UV-245 Spectrophotometer. Measurements were performed in 1 mL quartz-cells. Solutions were prepared using methanol as the solvent with concentration of 1.0 x 10 
Procedure
Preparation of organotin(IV) carboxylates
The organotin(IV) carboxylates used in this work and similar compounds with variety of benzoic derivatives as the ligands were prepared based on the procedure previously reported [9, [11] [12] , and was adapted from the work by Szorcsik et al. [13] . An example procedure in the preparation of dibutyltin(IV) dibenzoate is as follows:
To 3.0383 g (0.01 mol) [(n-C 4 H 9 ) 2 SnCl 2 ] in 50 mL methanol was added 0.8 g (0.02 mol) NaOH. The reaction mixtures were stirred for about 45 min. Compound 2 was precipitated out as white solid, filtered off and dried in vacuo till they are ready for analysis and further reaction. The average yield was 2.3508 g (95%).
To 0.37338 g (1.5 mmol) compound 2 in 50 mL of methanol was added with 2 mole equivalents of benzoic acid and was refluxed for 4 h at 60-70°C. After removal of the solvent by rotary evaporator, the produced compounds [(n-C 4 H 9 ) 2 Sn(OOCR) 2 ] were dried in vacuo until they are ready for analysis and further use for biological test. The average yields were more thañ 90%.
A similar procedure was also adapted in the preparation of diphenyltin(IV) and triphenyltin(IV) derivatives, [(C 6 H 5 ) 2 Sn(OOCR) 2 ] and [(C 6 H 5 ) 3 Sn(OOCR)], respectively. For triphenyltin(IV) only one mole equivalent of the carboxylic acid was added.
Bioassay anticancer activity test against leukemia cancer cell, L-1210
The in vitro anticancer activity test against leukemia cancer cell, L-1210 was performed based on the known procedure [9] . 1 mL of the cancer cells were added into each hole of multiwell plate tissue culture containing 2 x 10 6 cell/mL followed by the addition of 10 L of solution containing the compounds tested in methanol (if the sample was not soluble enough in the solvent used, before it is being added, the ultrasonic mixing was done first to homogenize the sample). The sample concentration variations used were 1, 2, 4, 6, 8, 16, 32 g/mL and three replicates per concentration were performed. As the negative control, the cell was treated with a solution containing 10 L of solvent was used as comparison. The cell was then incubated for 48 h in 5% CO 2 incubator at 37 C. After being incubated, the sum of cell was counted in microscope using haemecytometer Fuch Rosental (0.200 mm x 0.0625 mm 2 ). The percentage of inhibition was calculated using the following formula in Eq. (1):
where A is the number of lives cell in medium tested; and B is the number of lives cell in control/blank.
Calculation of IC 50
The IC 50 was calculated according to the adaption of Reed and Muench method which is an arithmetic method [14] and as following:
The data of all inhibition percentages were plotted into probit table to obtain each probit value of each analysis. The graph between log of concentration (x) and probity value (y) was then created to obtain a linier regression, y = a + bx. By inputting the probit value (y) = 5 (the probit of 50% value), then the value of x (log of concentration) was obtained. The IC 50 value was then obtained by taking the anti log of x.
RESULT AND DISCUSSION
Preparation and characterization of organotin(IV) carboxylate compounds
The preparation of dibutyltin(IV) dicarboxylates, [(n-C 4 3 SnCl] (9), respectively. To maximize the product (2), [(C 6 H 5 ) 2 Sn(OH) 2 ] (6) and [(C 6 H 5 ) 3 SnOH] (10) respectively similar to those previously reported [9, [11] [12] . The reaction occurred in each step for dibutyltin(IV) dicarboxylates, for example, is shown in Scheme 1. The microanalytical data of all compounds prepared are very good and all values obtained are close to the calculated values as shown in Table 1 .
The characterizations of the targeted products synthesized were confirmed by some spectroscopy techniques. The 1 H and 13 C chemical shifts of the compounds prepared are shown Table 2 . A number of signals in the spectra recorded have been characterized carefully. The chemical shift (δ) of butyl protons attached to the tin metal appeared in the range of 0.93 ppm for Hδ up to 1.4-1.6 ppm Hα and Hβ, and the carbons of butyl ligands are observed at position comparable with other similar compounds reported by other [15] . The chemical shift of phenyl protons attached to tin metal appeared in the range of 7.6-7.36 ppm, while the carbon of carboxyl group of all compounds as expected appeared in the region of 174 ppm [15, 16] . The carbon atoms of the phenyl ligand as also expected appeared in δ of 130-126 ppm, while the carbons in the benzoate derivatives appeared in δ range of 139-129 ppm close to the reported values of similar compounds [16] .
The important FT-IR data and their assignments are presented in Table 3 . The characteristic band of the starting materials (1, 5, 9) is the appearance of strong stretching band of Sn-Cl bond at 390-310 cm , confirming the success of the substitution reaction [9, [11] [12] .
The UV-Vis spectroscopy analyses have also been taken for all the compounds used. The  max of all the compounds is summarized in Table 4 . From the data obtained (Table 3) , it is clear that there was a shifting change in the  max for each compound in any steps of the reaction. For example, the compound 1 has  max of 210.7 nm, while compound 2 has  max of 202.9 nm. This information gave an indication that there was a shift to a shorter  max value when the conversion of compound 1 to 2 takes place. The wave-length shift to a shorter  max could occur due to either the solvent used or the effect of an auxochrome. However in this study, as the solvent used for all measurements was the same (methanol), these changes must be due to the auxochrome effect. In the case of compound 1 and 2, there is an oxide group which has electron drawing effect bigger in compound 2 than that of chloride group in 1. As a result, the electron transition in 2 is hard to occur. Thus, the measured  max was getting shorter in compound 2 than in compound 1 [17] . Similar results are also observed for other changes as can be seen from Table 3 . For example, in compound 3, the electron drawing effect of o-C 6 H 4 (OH)COOH is less than chloride in 1, so the electron transition in this molecule will be easier (the energy required is less), thus producing longer  max , 307.8 nm.
The antifungal activity of diorganotin(IV) and triorganotin(IV) compounds are well known, and many of their compounds have been synthesized for that purpose [6, [10] [11] [12] . Some of the organotin(IV) compounds prepared have also been tested for antitumor activity and showed quite high antitumor activity [1, 3, [7] [8] [9] .
In our previous study on the antifungal activity of the compounds reported here [11] [12] , it has been shown that optimal activity of the antifungal has been associated with the number of carbon atoms present in the organotin(IV) used [18] , where in general, the derivative of triphenyltin(IV) carboxylate which contain 18 carbon atoms has smallest minimum inhibition concentration values in the series [11] [12] . In this study interestingly the same phenomena was also observed.
Based on the data in Table 5 , the derivatives of triphenyltin(IV) compounds has smaller IC 50 value in the series, and the diphenyltin(IV) compound has smaller IC 50 value than those of dibutyltin(IV) compounds. Thus the number of carbon atoms present has effect on the anticancer activity of the organotin(IV) tested. Besides that, the organotin(IV) carboxylate compounds synthesized have smaller IC 50 values compare to those of starting materials and intermediate products. In this respect, our results are consistent with a well-known fact that many biologically active compounds become more active upon complexation than in their uncomplexed forms [19] . According to Crowe [20] the actual biological activity of diorganotin compounds of the type RR'SnXY (R and R' = alkyl or aryl; X and Y = anions) is determined solely by the RR'Sn 2+ moiety. Consequently the group X and Y would only influence the delivery of the active RR'Sn 2+ ion to the cell, although it is not clear enough how is their mechanism of action.
CONCLUSION
It is quite clear from the discussion above that some promising organotin(IV) carboxylate compounds were successfully prepared and exhibited very high in vitro anticancer activity. The study of other organotin(IV) series which might have higher and better anticancer activity is still in progress. The in vivo testing of the compounds synthesized against human cancer will also be undertaken to evaluate their possible use as an anticancer metal base-drug in the future.
